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ess: hosaka@maruyamaSummary The prevalence of tuberculosis in small solitary lesions of the lung
obtained by video-assisted thoracoscopic surgery (VATS) is still unclear. Of 103 lung
lesions resected by VATS in 98 patients (47 men, 51 women), 19 were identified
macroscopically as inflammatory changes, 78 were neoplastic, and 6 were
undefined. Presumptive diagnosis based on microscopic analysis of fresh specimen
smears treated with Papanicolaou stain was performed in 19 lesions. Of these, 11
lesions had epithelioid cells, granulomas with caseous necrosis and Langerhans-type
giant cells. The 6 undefined lesions were non-inflammatory benign changes. Isolation
and identification of tuberculosis were based on microscopic findings of fresh
material smears and sections of fixed specimens stained with Ziehl–Neelsen’s dye,
cultivation using egg-based Ogawa medium, and in situ hybridization between
polymerase chain reaction (PCR) products of each of the 11 lesions and specific DNA
sequences for Mycobacterium tuberculosis, M. avium, and M. intracellulare. Of
these 11 lesions, M. tuberculosis was confirmed in one (0.96%) by PCR and M. avium
was confirmed in four by culture and PCR. Of the 78 malignant lesions, final
pathologies were primary lung cancer (n ¼ 59, 70.2%) and pulmonary metastatic
cancer (n ¼ 19, 22.6%). The most frequent primary malignant cancer was
adenocarcinoma, which was found in 19 men and 28 women in the present study.
Eight lesions in 8 men were squamous cell carcinomas. The results of the presentElsevier Ltd. All rights reserved.
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Tuberculosis in small pulmonary nodules 239study suggested that even though the prevalence of lung tuberculosis is low,
attention should be paid to the presence of M. tuberculosis in specimens obtained by
VATS.
& 2005 Elsevier Ltd. All rights reserved.Introduction
Computed tomography (CT) has been widely used
to detect solitary small lesions in the lung,1–3 but in
some cases there have been difficulties in reaching
a final clinical diagnosis using only CT.4,5 In addition
to CT screening, analysis of serum tumor markers,
sputum smears, cultivation of sputum, and patho-
logical findings of transbronchial needle biopsy
specimens of the lung have contributed to defini-
tive diagnosis of lesions in the lung. In some
undiagnosed cases, video-assisted thoracoscopic
surgery (VATS) has been used to obtain tissues
containing the lesions, which were used for
intraoperative pathological diagnosis.5,6 Even in
cases in which lung tuberculosis was suspected in
tissues obtained by VATS, no definitive diagnosis has
yet been reported,7–9 so the prevalence of tuber-
culosis infection remains unclear.
In the present study, we introduced the use of
egg-based Ogawa medium (2% phosphate) and
PCR,10 in addition to the microscopic presumptive
findings of acid-fast bacilli of fresh specimen
smears, for the diagnosis of the lesions obtained
from VATS containing epithelioid cells and granulo-
mas with caseous necrosis and Langerhans-type
giant cells. We also discuss the treatment of
specimens for isolation and identification of tuber-
culosis and diagnostic procedures for lung inflam-
matory lesions obtained by VATS.Materials and methods
Lung lesions obtained by VATS
A total of 103 lung lesions were obtained by VATS in
98 patients at Nagano Municipal Hospital, between
April 1999 and March 2004. Of these 98 patients, 47
(48%) were male and 51 (52%) were female, with a
mean patient age of 63.6 years (range, 25–83
years). Five patients had 2 lesions of the lung.
Informed consent was obtained from each patient.
All of the 103 lesions identified by CT were first
suspected to be malignant, but a definitive diag-
nosis could not be reached based on the cytological
findings of the sputum and pathological features of
the needle biopsy specimens obtained at broncho-
scopy. As further examination was necessary toconfirm the diagnosis, VATS was introduced to
achieve diagnosis of the lesions of the lung and
the mean diameter of 103 nodules obtained by VATS
was 15.7mm (range 6–30mm). The technique of
VATS applied in this study was almost similar to
those described by Anthony et al.6,7 and Solaini
et al.9
Treatment of specimens
The treatment of specimens obtained by VATS is
shown in Fig. 1. The lesions recognized as macro-
scopically neoplastic and those that were undefined
were cut into frozen sections for rapid pathological
observation during VATS. The lesions suspected to
be inflammatory were furnished as fresh specimen
smears treated with Papanicolaou’s stain for
cytological analysis and specimens with epithelioid
cells, Langerhans-type giant cells, and granulomas
that included caseous necrosis were selected for
further examination of tuberculosis.
Identification of tuberculosis
For speciation of tuberculosis, each fresh specimen
with granuloma containing caseous necrosis was
divided into several pieces. The first was used as a
fresh tissue smear and then as a formalin-fixed
tissue preparation, stained with Ziehl–Neelsen’s
basic fuchsin dye, alcian blue periodic acid-Schiff
(AB-PAS), and Grocott’s Gomori methenamine silver
(GMS), and examined pathologically. The second
was cultivated on egg-based Ogawa medium (2%
phosphate) composed of 20 g of KH2PO4, 5.0 g of
sodium glutamate, 1.0 g of magnesium citrate, 30 g
of starch, 2.0 g of sodium pyruvate, 40ml of
glycerol, 40ml marachite green (2% solution),
2000ml of homogenized whole egg, and 1000ml
of distilled water (Kyokuto Pharmaceutical Indus-
trial Co., Ltd., Tokyo, Japan). The third was used
for PCR analysis. The diagnosis of mycobacterial
infection was dependent on findings of smear or
fixed specimens stained with Ziehl–Neelsen’s dye,
and isolation and identification were based on
cultivation using egg-based Ogawa medium for at
least 8 weeks and in situ hybridization between PCR
products of each of the 11 lesions and specific
DNA sequences for M. tuberculosis, M. avium,
and M. intracellulare using a Roche COBAS
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Schema of treatment of specimens obtained by VATS 
                                Intraoperative histology of frozen section
Neoplastic lesions (78) and undefined lesions (6) 
Macroscopic observation (103)       Inflammatory lesions (19)
     Cytology of a fresh specimen smear treated 
                                with Papanicolaou’s stain
                                Epithelioid cells, Langerhans-type giant cells
                                and granuloma with caseous necrosis (11)
                                Microbiological examination of a smear and section
                                stained with Ziehl-Neelsen’s dye, AB-PAS, GMS,
                                and H&E, cultivation, and PCR of specimens
Figures in parentheses indicate the number of lesions. 
AB-PAS, alcian blue periodic acid-Schiff; GMS, Grocott’s Gomori methenamine silver; 
H & E, hematoxylin and eosin. 
Figure 1 Schema of treatment of specimens obtained by VATS. Figures in parentheses indicate the number of lesions.
AB-PAS, alcian blue periodic acid-Schiff; GMS, Grocott’s Gomori methenamine silver; H & E, hematoxylin and eosin.
N. Hosaka et al.240AMPLICOR system (Roche Diagnostic Co., Ltd.,
Tokyo, Japan).10Results
Of 103 lesions of the lung resected by VATS in 98
patients (47 men and 51 women), 19 were
identified macroscopically as showing inflammatory
changes, 78 were neoplastic, and 6 were unde-
fined. As shown in Fig. 2, presumptive diagnoses
were made in the former 19 lesions based on
microscopic analysis of fresh specimen smears
treated with Papanicolaou’s stain and histopatho-
logical examination using fixed specimens stained
with hematoxylin and eosin. Of the 19 lesions, 14
had epithelioid granulomas with Langerhans-type
giant cells, and no granulomatous changes were
found in the other 5 lesions, which resulted in
localized organized pneumonias. Of these 14
lesions, Langerhans-type giant cells and epithelioid
granulomas with caseous necrosis were detected in
11 lesions in 11 patients. Two lesions were defined
as non-necrotizing inflammatory granulomas, and
the remaining 1 lesion was sarcoidosis. Of theformer 11 lesions, 1 was diagnosed as M. tubercu-
losis by PCR. As shown in Table 1, four lesions were
diagnosed as M. avium by cultivation and/or PCR.
Although acid-fast stained organisms were found on
fresh specimen smears or histologically by Ziehl–
Neelsen staining in 2 lesions (patients 2 and 5),
cultivation and PCR failed to demonstrate myco-
bacterial infection. In 4 lesions, no mycobacterial
species were found by four different examinations.
No fungal or protozoal infections were found in the
present study.
The clinical features of 11 patients diagnosed as
having granuloma with caseous necrosis are shown
in Table 2. These 11 patients consisted of 7 men and
4 women with a mean age of 55.4 years (range,
40–73). Ten of the 11 patients (90.9%) were
asymptomatic and lesions were found by CT screen-
ing. One patient had asthma and a lesion was found
on diagnostic CT. Of the 11 lesions, 8 (72.7%) were
located in the upper lobe with the remaining 3
lesions located in the lower lobe. The mean
maximum diameter of the lesions was 15.4mm
(range, 7–30mm).
Of the total of 103 lesions examined in the
present study, 78 were malignant and 6 were
undefined as shown in Table 3. Of the 78 malignant
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Table 1 Isolation and identification of mycobacteria of the lung in 11 lesions.
Patient Acid-fast bacilli on a smear Acid-fast bacilli on histology Cultivation PCR
1 ND ND ND ND
2 Detected Detected ND ND
3 ND ND ND ND
4 ND ND ND ND
5 ND Detected ND ND
6 Detected ND Ma ND
7 ND ND ND ND
8 ND ND ND Mt
9 Detected Detected Ma Ma
10 Detected ND Ma Ma
11 Detected Detected Ma Ma
ND, not detected.
Mt, Mycobacterium tuberculosis; Ma, Mycobacterium avium.
Algorithm of inflammatory lesions 
                    Inflammatory lesions (19)
         Granulomatous lesions (14)  Non-granulomatous lesions (5)*  
Granulomas with caseous necrosis (11) Granulomas without caseous necrosis (3)**
Lung tuberculosis (1) Mycobacterial infections without tuberculosis (10) 
* 5 localized organized pneumonias (3 male; 2 female). 
** 2 non-necrotizing inflammatory granulomas (2 female) and 
  1 sarcoidosis (1 female). 
Figures in parentheses indicate the number of lesions. 
Figure 2 Algorithm of inflammatory lesions. *5 localized organized pneumonias (3 male; 2 female). **2 non-necrotizing
inflammatory granulomas (2 female) and 1 sarcoidosis (1 female). Figures in parentheses indicate the number of lesions.
Tuberculosis in small pulmonary nodules 241lesions, final pathologies were primary lung cancer
(n ¼ 59, 70.2%) and pulmonary metastatic cancer
(n ¼ 19, 22.6%). The most frequent primary malig-
nant cancer was adenocarcinoma, which was found
in 19 men and 28 women in the present study. Eight
lesions in 8 men were squamous cell carcinomas.
Other primary lung cancers were as follows: large
cell carcinoma ðn ¼ 1Þ, small cell carcinoma
ðn ¼ 1Þ, epithelioid hemangioendothelioma ðn ¼ 1Þ,
and malignant fibrous histiocytoma ðn ¼ 1Þ. The
frequency of metastatic lung cancer was 22.6% (19
of 84 cases) and the most frequent original site of
metastasis was the rectum (6 of 19 cases). Other
sites of origin of metastases were as follows: renal
cell carcinoma ðn ¼ 4Þ, colon cancer ðn ¼ 2Þ, uterinecervical cancer ðn ¼ 1Þ, uterine corpus cancer ðn ¼
1Þ, breast cancer ðn ¼ 1Þ, gastric cancer ðn ¼ 1Þ,
esophageal cancer ðn ¼ 1Þ, ovarian cancer ðn ¼ 1Þ,
and bile duct cancer ðn ¼ 1Þ. The six undefined
lesions were all non-inflammatory benign lesions:
hematoma ðn ¼ 3Þ, intrapulmonary lymph node
ðn ¼ 1Þ, inflammatory pseudotumor ðn ¼ 1Þ, and 1
bronchial cyst.Discussion
Video-assisted thoracoscopic surgery (VATS) may be
the most successful method of treatment of
ARTICLE IN PRESS
Table 2 Clinical features of patients with lung lesions with granulomas containing caseous necrosis.
Patient age
(years)/gender
Symptom First, detection
method
Time of VATS
after detection
(month)
Lobe involved Size (mm)
1 40/F Asymptomatic Screening CT 1 LUL 11 9
2 72/F Asymptomatic Screening CT 2 LUL 7 7
3 47/F Asymptomatic Screening CT 10 LLL 20 7
4 53/M Asymptomatic Screening CT 3 LUL 12 12
5 62/M Asymptomatic Screening CT 3 LUL 10 10
6 60/M Asymptomatic Screening CT 3 RLU 15 13
7 57/M Asthma Diagnostic CT 3 LUL 10 10
8 54/M Asymptomatic Screening CT 10 RUL 30 25
9 40/M Asymptomatic Screening CT 8 RUL 20 20
10 52/F Asymptomatic Screening CT 1 RUL 17 15
11 73/M Asymptomatic Screening CT 9 RLL 20 13
F, female; M, male.
LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RLL, right lower lobe.
Table 3 Diagnosis of neoplastic and undefined lesions.
Diagnosis Number of lesions (%) Gender
Male Female
Primary malignant neoplasms 59 (70.2) 30 29
Adenocarcinoma 47 19 28
Squamous cell carcinoma 8 8
Large cell carcinoma 1 1
Small cell carcinoma 1 1
Epithelioid hemangioendothelioma 1 1
Malignant fibrous histiocytoma 1 1
Metastatic lung cancer 19 (22.6) 8 11
Rectal cancer 6 3 3
Renal cell carcinoma 4 2 2
Colon cancer 2 1 1
Uterine cervical cancer 1 1
Uterine corpus cancer 1 1
Breast cancer 1 1
Gastric cancer 1 1
Esophageal cancer 1 1
Ovarian cancer 1 1
Bile duct cancer 1 1
Undefined lesions 6 (7.2%) 1 5
Hamardtoma 3 1 2
Intrapulmonary lymph node 1 1
Inflammatory pseudotumor 1 1
Bronchial cyst 1 1
Total 84 39 45
N. Hosaka et al.242peripheral lesions and some central lesions in the
lower lung lobe, which are demonstrated as solitary
pulmonary nodules less than 3 cm in diameter.5
Although there have been several reports of the
incidence of lung tuberculosis in lesions obtained
by VATS, i.e., 5%,7 6.2%,8 and 0.89%,9 the diagnosticprocedures used for M. tuberculosis were histolo-
gical7 or were not fully described.8,9 Therefore,
definitive diagnosis for lung tuberculosis was
unclear. Gribetz et al.11 concluded that solitary
pulmonary ‘‘tuberculomas’’ obtained by surgery
were often due to non-tuberculous mycobacterial
ARTICLE IN PRESS
Tuberculosis in small pulmonary nodules 243infections, particularly by M. avium and M.
intracellulare, so drug therapy was not indicated.
We felt it important to diagnose suspicious lung
nodules as tuberculosis to allow treatment of the
disease. In the present study, of 103 solitary lung
nodules that were removed by VATS, 1 (0.96%) was
diagnosed as lung tuberculosis on the basis of PCR
using a specific sequence for M. tuberculosis. Lung
tuberculosis remains a major worldwide health
problem, and so the presence of lung tuberculosis
should be considered in cases of undefined nodules
of the lung.
Systems for detection and differentiation of lung
tuberculosis have been improved. The traditional
method, microscopic examination of specimens
stained with Ziehl–Neelsen’s dye, was sufficient to
detect acid-fast bacilli on smears or histology. To
identify mycobacterium species, culture and PCR
have been introduced. In situ Hybridization of PCR
products with specific DNA sequence for M.
tuberculosis has recently been used and one case
of lung tuberculosis (0.96%) was detected in the
present study. This incidence was almost same as
that (1 of 112; 0.89%) reported by Solaini et al.9
who did not describe the procedure used for
detection of M. tuberculosis. The egg-based Ogawa
medium, which is used widely in Japan and is
equivalent to Lowenstein–Jensen medium, was also
used to detect M. tuberculosis. Of 7 lesions
detected on smears or histologically, 4 (57%) lesions
were demonstrated on culture medium. Further
improvement of the cultivation system for tuber-
culosis is required to detect mycobacteria more
frequently. Of 11 lesions, no mycobacteria were
detected in 4 cases (patients 1, 3, 4, and 7) using 4
different kinds of examination. It is conceivable
that the distribution, number, and viability of
bacilli in the lesion might affect the detection of
organisms, so combination of several types of
examination is recommended.
The incidence of neoplastic lesions obtained by
VATS has been reported previously. The frequency
of benign lesions, including inflammatory changes,
varied from 13.3% to 86.2%, while that of malignant
lesions varied from 13.8% to 86.7%.8,9,12–17 In the
present study, of 103 lesions, 25 (24.3%) were
benign and 78 (75.7%) were malignant. In our view,
although VATS offers the potential of lower mor-
bidity and shorter hospital stay than conventional
thoracotomy and only biopsy can provide a defini-
tive diagnosis.5 VATS should be applied in select
cases and its use in benign lesions should be
minimized.
The results of the present study suggested that
even though the prevalence of lung tuberculosis islow, attention should be paid to the presence of M.
tuberculosis in specimens obtained by VATS and
information regarding M. tuberculosis should be
supplied to clinicians as soon as possible.References
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